Abstract Accelerating diabetes rates have resulted in a global public health epidemic. Lifestyle change is a cornerstone of care, yet regimen demands may result in adherence difficulties. Distress, depression, and other psychosocial concerns are higher in those with diabetes. While interventions, such as the Diabetes Prevention Program appear to be effective, further research is needed to support the translation of interventions to prevent diabetes. Studies assessing optimal approaches to promoting effective decision making, coping and adherence are needed. More information is needed to evaluate the influence and potential of emerging technologies on intervention delivery and quality of life in children and adults with diabetes. Theoretically informed, interdisciplinary studies that consider ecological models are needed to develop a roadmap for policies and diabetes management recommendations. Reduction of diabetes-related health disparities is a critical area for future studies. Behavioral medicine scientists and practitioners are poised to address these and other proposed future research directions to advance diabetes prevention and management.
Background and rationale

Global burden of diabetes
Diabetes now impacts over 300 million people worldwide (World Health Organization, 2014) and is projected to affect 439 million people by 2030 (Shaw et al., 2010) . US diabetes prevalence increased 128 % between 1988 and 2008-22 million people in the US now have diabetes (National Center for Health Statistics, 2015) . Globally, between 2010 and 2030, there will be a projected 69 % increase in adults with diabetes in developing countries and a 20 % increase in developed countries (Shaw et al., 2010) . These rates are concerning as diabetes results in considerable health care burden and comorbid conditions. For instance, diabetes substantially increases risks of cardiovascular disease (CVD), among other common complications including neuropathy, retinopathy and nephropathy. Neuropathy, in turn, increases the risk of ulcers, infections and amputations (American Diabetes Association, 2015b) ; retinopathy is a leading cause of blindness; (Lee et al., 2015) and related impaired renal function is also a leading cause of kidney failure, contributing dialysis or kidney transplant and premature mortality (American Diabetes Association, 2015b; Morrish et al., 2001) . Complications are also associated with higher rates of depression in diabetes (de Groot et al., 2001) and both are associated with relatively poor outcomes (Bartoli et al., 2016; Hofmann et al., 2013) . Diabetes is also associated with an increase in risk of cognitive impairment (Everson-Rose & Ryan, 2015) . These complications exert significant impact on health care utilization aspects of health related quality of life such as vitality, general health and functional impairment as well as mortality (Osthus et al., 2012) and health care expenditures (Ward et al., 2014) . Annual costs of diabetes in the US are estimated at $176 billion in direct costs and $69 billion in indirect expenses associated with disability, loss of work and premature mortality. The health care costs of individuals with diabetes are nearly two and half times of those without diabetes (American Diabetes Association, 2013) . The significant global burden of diabetes, specifically in developing countries (World Health Organization, 2014) , results in projections of staggering costs in both economic and health care burden and increasing health disparities.
The vast majority of diabetes cases (approximately 90 %) are type 2 diabetes, which is a consequence of the body's ineffective use of insulin (World Health Organization, 2014) . Physical inactivity and excess body weight play a significant role in the development of type 2 diabetes and most people with type 2 diabetes are obese (Eckel et al., 2011) . Type 1 diabetes (previously known as juvenile onset or insulin dependent diabetes) is a result of an absence of insulin production, and requires daily administration of insulin for survival. Gestational diabetes (elevated blood glucose levels during pregnancy) increases risks of pregnancy and delivery complications. Impaired glucose tolerance and elevated fasting glycemia, commonly referred to as ''prediabetes,'' are conditions that appear to bridge normal glucose levels and diabetes. Prediabetes is increasing in prevalence in parallel with increases in obesity, and poses major risks for the eventual development of type 2 diabetes. Unfortunately, screening rates are low, and the majority of people living with prediabetes are undiagnosed-estimates are that while 86 million people have prediabetes, 90 % are unaware of this (Centers for Disease Control and Prevention, 2014) . The emergence of increased type 2 diabetes prevalence in youth (Weinstock et al., 2015) highlights the extent of the crisis of prediabetes and type 2 diabetes and is a harbinger of future burden. Engagement in healthy eating and physical activity can significantly reduce the risk of individuals with prediabetes from developing type 2 diabetes.
The increasing prevalence of diabetes suggests an urgent need to develop additional, innovative ways to improve both diabetes management and prevention for global and diverse populations. Behavioral medicine can be this platform by drawing on behavior change concepts and theories to better understand efforts to improve self-care behaviors, determine active ingredients of change and develop psychometrically supported measurement instruments to enhance screening and evaluation of processes and outcomes in a range of patient-centered health care and community settings across the diabetes risk continuum. Behavioral medicine's perspective on patient-centered approaches and ecological frameworks can further the promotion of interdisciplinary approaches to care and the consideration of social and environmental issues impacting self-care behavior, psychological well-being and implementation of evidence-based health care approaches. These approaches may help to promote the transition of diabetes care from specialty clinics to primary care and community settings, aiding efforts towards reducing health disparities and promoting diabetes prevention efforts. Indeed, the past several decades of diabetes research has spawned numerous studies and reviews that highlight the roles of the individual patient, provider(s), health care setting and environmental context when developing effective diabetes management interventions. However, future direction is needed to drive the field, which is critical to the development of an informed evidence-based practice and public health policies to prevent and manage diabetes in the modern era.
Diabetes differentially impacts certain subgroups. For instance, diabetes burden is greater in ethnic minorities and low-income groups with health disparities in prevalence, complications and mortality worldwide (Spanakis & Golden, 2013) . While the prevalence of diabetes is equivalent in men and women, sex differences have also emerged in a number of domains. Women with diabetes have twice the excess coronary heart disease (CHD) risk compared with men. Higher rates of obesity, post-menopausal hypertension, higher metabolic syndrome and other cardiovascular risk profiles and poorer response to exercise training in diabetic women have all been implicated in gender differences in diabetes health-related outcomes and responses to interventions (Regensteiner et al., 2015) . Social determinants of health such as living in neighborhoods with limited healthful grocery stores, walkability and access to health care facilities may also play significant roles regarding the disparities in the development and progression of diabetes (Fisher, 2008; Marrero et al., 2013) .
Need for improved outreach and delivery
Diabetes care delivery has increasingly seen a shift in treatment approaches with increased focus on primary care settings, collaboration of multidisciplinary teams (National Diabetes Education Program, 2011) and emphasis on prevention and patient-centered approaches and support (Peterson et al., 2015; Rittenhouse & Shortell, 2009; Shojania et al., 2004) . Community-based programs and resources aimed at providing diabetes interventions and support have enhanced treatment reach and delivery and offer promise for bridging gaps in care. National programs aimed at improving care have increasingly focused on use of process and outcomes data, including patient-reported outcomes (AHRQ, 2015) . Recent data indicates overall improvements in the quality of care and outcomes in the last decade, however the least improvements were noted for younger adults, particularly those under age 40, and for ethnic minorities, and it has been speculated that the influence of diabetes management skills and resources, access to quality care and social determinants on treatment response warrant further study (Stark Casagrande et al., 2013) .
In light of the rapid increases in diabetes and the urgent need for additional, effective approaches to improve reach and delivery of prevention and management, this paper identifies and highlights new directions for diabetes research and care in behavioral medicine.
Summary and critical review of the current state of behavioral medicine in diabetes Diabetes prevention
The causes of diabetes are complex; however, research indicates that the dramatic increases in worldwide rates of diabetes are, in large part, due to rapid increases in overweight/obesity, which is largely facilitated by lack of physical activity, poor diet and proliferation of a sedentary lifestyle. There are now approximately 1.5 billion overweight and obese adults worldwide (World Obesity Federation, 2015) . In the US, recent estimates suggest that 35 % of adults are obese (defined as BMI C 30) and 17 % of youth are obese (defined as BMI C 85th percentile of the sex-specific BMI-for-age growth charts). Body weight and prediabetes and type 2 diabetes are highly related, with studies suggesting that body mass index (BMI) may account for about 60 % of the risk (World Obesity Federation, 2015) . Together, with behavioral factors such as dietary intake patterns and physical inactivity, BMI plays an important role both in the prevention, development and management of type 2 diabetes.
The landmark Diabetes Prevention Program (DPP) trial found that preventive intervention approaches are successful in reducing risk factors and delaying or preventing the onset of diabetes in adults with prediabetes (Knowler et al., 2002) . Intensive lifestyle intervention focusing on weight reduction through caloric restriction and consistent physical activity resulted in a 58 % risk reduction, while metformin reduced risk by only 31 %. Intensive lifestyle participants had favorable CVD risk factors; benefits were more pronounced in older adults (Knowler et al., 2002) . Follow up studies have shown long-term benefits of intensive lifestyle intervention in slowing progression to diabetes (Perreault et al., 2014) and translational studies have indicated that DPP replications are feasible in community settings (Ackerman, 2013; DeJoy et al., 2013; Whittemore et al., 2009) .
Efficacy trials of Diabetes Prevention Programs have shown impressive results and initial efforts to translate such interventions to broader populations in the community are promising (Ali et al., 2012) . However, the scale of the need for diabetes prevention is massive and we are only just starting to see progress in expanding the reach of such programs to the broader community. Ultimately the potential for Diabetes Prevention Programs to have population level impacts on incident diabetes depends on our ability to improve access to and engagement in such programs.
Other approaches, including individual-, home-, and population-based behavioral trials have been shown to be efficacious in reducing the incidence of overweight/obesity. Among children, efforts that have focused on health behavior counseling, education and modifying the home and school environments to facilitate a healthy lifestyle have been efficacious (Stark et al., 2011; Waters et al., 2011; Wojcicki & Heyman, 2010) . In adults, behavioral weight loss interventions including those with in-person support and others delivered remotely (e.g., telephone, website, emails) have been moderately effective in achieving clinically significant weight loss (Appel et al., 2011; Espeland et al., 2014; Goode et al., 2012) .
Diabetes management
The trajectory of diabetes is largely determined by health behaviors including a dietary regimen that has healthy food choices, quantities and composition that facilitates optimal blood glucose control and a healthy weight, engagement in consistent physical activity and maintenance of good glycemic control (American Diabetes Association, 2015c). For individuals living with type 1 diabetes, administration of exogenous insulin (e.g. self-injections or use of an insulin pump) is required. While insulin use is increasingly prescribed in type 2 diabetes, use depends upon individual characteristics such as insulin resistance. Glycemic control must be evaluated by self-monitoring of blood glucose (SMBG) levels using a meter and by obtaining blood tests of HbA1c, which is an indicator of mean blood glucose control over the previous 2-3 months. Studies addressing blood glucose control typically assess HbA1c levels and examine this indicator relative to recommended standards (e.g. 6.5 % mmol by the International Diabetes Federation, 2013 and 7.0 % by the American Diabetes Association 2015a) or more or less stringent individualized or population-based goals. Feedback garnered from consistent SMBG on glycemic control requires decision-making with comparison to a predetermined standard to judge the need for adjustments in diet, activity and/or medication and to evaluate whether a treatment plan is working to maintain optimal glycemic control (Stetson et al., 2011) . There has been considerable debate about the effectiveness of the use of SMBG in type 2 diabetics, particularly those who are not prescribed insulin (Kolb et al., 2010) . In light of the evidence of SMBG for individuals with type 1 diabetes, future work is needed to evaluate the efficacy of integrating SMBG into practice for individuals with type 2 diabetes.
Although there is evidence that a large proportion of cases of diabetes and its complications can be prevented by interventions that promote lifestyle change with a healthy diet, regular physical activity, maintenance of normal body weight, avoiding tobacco, SMBG and following prescribed medication regimens, this evidence-based, behavioral approach is not widely implemented in community and clinical settings. In many cases, providers are well-versed in pharmacologic interventions but have not had training in theories of behavior change or implementation of lifestyle change approaches (Peyrot & Rubin, 2007) . The constraints and time limitations in many clinical settings also limit provider-patient shared decision making and opportunities for addressing lifestyle change during diabetes clinical encounters (Marrero et al., 2013; Peyrot & Rubin, 2007) . As such, educational tools aimed at providers may be needed that address behavior change concepts and theories, thus helping to integrate a patient-centered approach to improving diabetes management.
The demands of lifestyle change and ongoing self-regulation are major components of diabetes care and may result in considerable patient burden and adherence difficulties, indicating the need for future research in this area. Studies indicate that with increasing regimen complexity, adherence is reduced (Ingersoll & Cohen, 2008) . Reviews suggest that higher levels of regimen adherence are associated with better blood glucose control, and fewer emergency department visits, decreased hospitalizations and lower medical expenditure. There are significant associations between adherence and clinical outcomes with a number of individual and health system factors impacting rate of adherence. This research demonstrates the potential of insulin adherence to improve patients' lives, but more work is needed to identify the active ingredients of improved adherence among individuals with diabetes.
Persons with type 1 diabetes face multiple daily insulin administrations and SMBG, which can be particularly burdensome. Some populations, such as adolescents with type 1 diabetes, have numerous psychosocial barriers to adherence, making this an important area of concern (Datye et al., 2015) . Intervention trials aimed at increasing adherence using a variety of approaches and points of contact such as peer coaching, telehealth, multidisciplinary providers and settings such as primary care, pharmacy and point-of-care testing have shown positive outcomes for both adult and pediatric populations (Capoccia et al., 2015; Hood et al., 2010) . Community-based interventions, including peer supporters, have also been found to assist individuals in their diabetes self-management efforts (Heisler, 2007; Tang et al., 2014) . Peer support and coaching may offer particular benefits in areas in which health care resources and provider access are lacking. This approach to shared decision making has demonstrated feasibility in varied cultures and settings (Ayala et al., 2015; Safford et al., 2015; Zhong et al., 2015) . The World Health Organization has noted that standard features of peer support may be used cross culturally and individual programs can use these features in the development of interventions that best fit the cultures, populations and health systems in which they function (Fisher et al., 2015a) . The World Health Organization and International Diabetes Federation note the tremendous potential for global efforts to promote diabetes management (Wientjens, 2008) . Essential components of successful peer support for chronic disease management that have been identified by the American Academy of Family Physicians Foundation Peers For Progress Programs (Wientjens, 2008) include: provision of assistance in daily management such as pursuit of goals; emotional and social support to promote effective coping and self-care; facilitation of connections between community resources; and clinical care and support that is ongoing, consistent with the lifelong challenges of chronic disease prevention and care (Fisher et al., 2015a, b) . However, the integration of these concepts in the diabetes management regimen is largely unknown.
Also influencing adherence and health outcomes are diabetes distress (Pintaudi et al., 2015) , anxiety (Smith et al., 2013) and depression , which are higher in those with diabetes compared to those without diabetes. Comorbid diabetes and depression present major clinical challenges, each adversely and reciprocally affecting outcomes (Holt et al., 2014) . Depression has also been found to be associated with insulin resistance in the absence of diabetes, as well as the onset of diabetes (Kan et al., 2013) , adding to the complexity of diabetes-depression relationship. Shared biological and behavioral mechanisms are important considerations for understanding linkages, onset, treatment response and optimal intervention approaches (Holt et al., 2014) , and this area requires additional investigation given the high potential to improve patient-centered diabetes outcomes.
Recent studies also have identified the impact of glycose dysregulation and diabetes on cognitive and executive function-and the need for additional investigation on these topics. A 2015 special series on Diabetes, Obesity and the Brain provides a useful overview along with studies that highlight the role of diabetes in cognitive impairment in childhood and adolescence as well as in midlife and older adulthood (Everson-Rose & Ryan, 2015) . Well-controlled imaging studies suggest that both hypoglycemia and hyperglycemia impact brain cognitive function, implicating interventions that impact these fluctuations as influential in these effects. Multiple studies indicate that impairment in cognitive status develops well-before advanced age declines, with cognitive impairments developing in midlife and diminished executive function observed in prediabetics.
Research suggests that elevated glycemia may impact cognitive decline early in the aging process (Everson-Rose & Ryan, 2015; Luchsinger et al., 2015) . A large cohort study of associations between race, socioeconomic status and cognitive function found that African American participants with diabetes who lived below the US Federal poverty limit had poorer working memory, verbal memory and attention and had cognitive deficits at a younger age relative to African Americans who had diabetes but were above the poverty threshold. Findings implicate the role of developmental and social determinants in the complex mechanisms contributing to cognitive decline in diabetes (Dore et al. 2015) . Efforts to promote decision-making, self-care and adherence are dependent on the ability to execute cognitive steps, making screenings and provision of adequate support systems an important part of care across the lifespan (Everson-Rose & Ryan, 2015; Vincent & Hall, 2015) .
Several decades of controlled trials now show that behavioral and pharmacologic interventions that reduce glucose levels help to delay diabetes complications (Holman et al., 2008; Lachin et al., 2014) . Patient-centered and multidisciplinary approaches can optimize care (Powell et al., 2015) . New technologies aid assessment and management through enhanced self-monitoring tools and insulin delivery methods. However, interventions have also been shown to have deleterious effects. Tight glucose control poses risks, and intense management may lead to hypoglycemia and death (Cryer, 2014) . Insulin use may promote improved glycemic control in type 1 and type 2 diabetes but has been found to also be associated with weight gain and increased CVD risk profile (Carver, 2006; Purnell et al., 1998) . In this vein, more integrated research is needed to evaluate multidisciplinary approaches to behavior change and technological advances that reduce diabetes-related complications.
These current findings in behavioral medicine and diabetes suggest that diabetes management is a largely behaviorally driven self-care routine and patient involvement in care is critical to achieve optimal glycemic control. Patientcentered approaches to care that include multidisciplinary health care providers and consider social determinants, lifespan factors and gender can optimize care. Moreover, coordinated international and national policies are needed to reduce exposure to the known risk factors for diabetes and to improve access to and quality of care for those with diabetes.
Research recommendations and future directions
This section presents research recommendations and future directions for diabetes prevention and management in behavioral medicine. The topics presented below were informed by our interactions with the membership of the Society of Behavioral Medicine (SBM) Diabetes Special Interest Group, including a web-based survey and events at the annual meeting such as the business meeting and research collaborations (e.g., symposia, panel discussions). A summary of our recommendations is available in Table 1 .
Policy and environmental attributes to reduce diabetes burden
Obesity and diabetes are complex chronic conditions rooted in a dynamic and multilayered environment that necessitates the inclusion of micro-level concepts, such as the individual and family, and macro-level factors, comprised of medical clinics, school and sports and the community, in future health promotion self-management interventions to achieve long-term sustainable impacts (Waters et al., 2011) . Nevertheless, much of the research on diabetes prevention and management addresses individual patient and/or provider roles. Social and contextual factors and their influence on diabetes care and life with diabetes are important but less well understood (Marrero et al., 2013) . Assessment and intervention approaches that consider the contextual influences that contribute to diabetes risk factors and the greater diabetes burden in ethnic minorities and low-income groups are greatly needed. Development and evaluation of assessments that consider social determinants of health such as the role of community, health care and environmental settings on diabetesrelated health behavior, distress, biological markers of health care delivery and health outcomes are recommended. The role of environmental structure and neighborhood has been an important area of research examining healthy food availability (Oppert & Charreire, 2012) , physical activity (Haselwandter et al., 2015; McCormack & Shiell, 2011; McGrath et al., 2015) and obesity (Ding & Gebel, 2012) , which have implications to diabetes prevention and management. However, there is limited research using social ecological models within diabetes populations. Validated approaches to contextual assessment of the environment and social factors influencing health outcomes using geographic information systems (GIS) technology, built environment and self-report assessment of social and environmental resources (Glasgow et al., 2005; McCormack et al., 2008) and neighborhood structure (Mujahid et al., 2007) are available, and integration into diabetes research would complement research addressing individual patient and provider roles. Such ecologically based studies should draw on the experiences of the larger social ecology evidence and consider the role of moderators and mediators, utilize objective and validated self-report measures and assess causality via controlled and longitudinal studies. Data from diverse countries and cultures are needed (Ding & Gebel, 2012) .
Childhood obesity and transitions of care in emerging adulthood and midlife
While the importance of future studies seeking to improve the self-management, psychological and behavioral outcomes of youth with type 1 diabetes cannot be overstated, there is a call for future work in behavioral medicine to address emerging areas of concern for diabetes among youth. One of these areas pertains to the epidemic of childhood obesity and its association with type 2 diabetes in youth. Although the epidemiological evidence is limited, most studies suggest some 6 % of youth with diabetes comprise those with type 2 diabetes (SEARCH for Diabetes in Youth Study Group, 2006) , a finding that is pronounced among adolescents from minority populations In addition to the roles of organizations, community and culture is critical to the advancement of global efforts to reduce the burden of the diabetes epidemic
Childhood obesity and transitions of care in emerging adulthood and midlife
Focus on issues pertinent to the burden of living with type 1 diabetes in children, the rise of prediabetes and type 2 diabetes in youth and health care and psychosocial needs associated with emerging adulthood in adolescents and young and midlife adults with diabetes
Increased research on factors related to enhanced quality of life, such as psychological, emotional, familial or psychosocial concepts and how to best implement them into potential interventions, such as a self-management educational intervention, to ensure the effectiveness of obesity prevention and management programs
Promotion of attention to social and cultural issues pertinent to emerging adulthood in adolescents and young adults is also needed, such as the transition to adult-oriented medical care among emerging adults and efforts to cope with the demands of diabetes and it's care in the context of work and family and the emergence of health complications in young adults with diabetes
Use of eHealth, technology and big data in diabetes prevention and management
Methods to improve diabetes management in the future include exploring the intersection of behavioral medicine and big data in diabetes research, building private-public partnerships and examining the influence of healthcare reform is warranted. Partnerships that integrate empirically supported approaches such as apps that contain proven behavioral strategies that are appropriate for target users are needed.
Translating therapeutic advance into community care for people with diabetes
Research is needed to identify the optimal points of care for evidence-based diabetes management programs, particularly among diverse age groups, as well as hard-to-reach and medically underserved populations. Translational studies evaluating interactions between peer support, provider-patient communication and decision-making, and established and traditional health care settings are also needed
Translating lifestyle interventions for diabetes prevention into low cost, integrated, and scalable programs Translational research is critical to understanding how successful clinical trials and interventions, such as those developed for the DPP, might be integrated into community settings to improve reach
Integrative approaches to understanding strategies to promote weight loss and physical activity and their maintenance are needed for adults, particularly younger and midlife age groups and children with or at risk of diabetes
Addressing psychosocial comorbidities and diabetic complications
Studies assessing optimal delivery approaches to promote effective decisionmaking, coping and self-care are needed Consideration of developmental progression and cognitive and executive function is recommended
Social determinants of health and health disparities in special populations
Social determinants influencing obesity, physical activity, cognitive function, perceived risk and self-efficacy for change may play an important role and are understudied. Greater understanding of the sources of diabetes and associated comorbidity and disparities in minority and low SES groups is needed. Reduction on diabetes-related health disparities is a critical area for future intervention studies (SEARCH for Diabetes in Youth Study Group, 2007; Liu et al., 2010) . In fact, given current incidence estimates, the number of youth with type 2 diabetes is expected to increase by 49 % by 2050 (Imperatore et al., 2012) . Additional research is also needed to address the role of health behaviors, including healthy eating, physical activity, sedentary behavior and sleep on overweight or obese youth with type 1 diabetes (Minges et al., 2013 ). Yet, surprisingly, both descriptive and intervention research focusing on the psychosocial and behavioral aspects of weight gain for type 1 and type 2 diabetes in youth is lacking.
Behavioral medicine scientists and practitioners will need to develop robust obesity prevention interventions through behavior modification, and the development and integration of youth-specific type 2 diabetes self-management techniques in clinical practice to curtail disease progression (Buynitsky & Rhodes, 2014) . Importantly, factors related to enhanced quality of life, such as psychological, emotional, familial or psychosocial concepts, must be implemented into potential interventions, such as a self-management educational intervention, to ensure the effectiveness of obesity prevention and management programs. Such insights will also help to prevent the emergence of 'double diabetes', a rare condition in which overweight and obese adolescents have the clinical manifestations of both type 1 and type 2 diabetes (Libman & Becker, 2003) . Moreover, additional work is needed to understand the role of multilevel, as opposed to individual-level, obesity prevention interventions that involve families, peers, home, and schools. Currently, research exists on individual-, play-, family-, school-, and community-based interventions (Karnik & Kanekar, 2015) , but less is known regarding behavioral medicine interventions that include many or all of these levels of influence. An example of a hypothetical multilevel obesity prevention intervention could be one that seeks to reduce the time youth spend sedentary each day. Such an intervention could target reducing screen time in the home though instituting mutually agreed-upon rules with parents (to reduce leisure screen time, a behavior often synonymous with sedentary behavior), while encouraging students to bike or walk to school if feasible (to reduce time spent sedentary during transport), and integrating standing desks in the school-setting (to reduce time spent sedentary during school)-most of these interventions have demonstrated the potential to individually reduce sedentary time (Minges et al., 2015b; Minges et al., 2016; Salmon et al., 2011) . The adoption of this multilevel approach to intervention could result in changes to health behaviors through addressing the individual as well as the ''obesogenic'' society, resulting in more efficacious and longer-lasting interventions that could also have the potential to tangentially result in the improvement of several health behaviors.
Emerging adulthood in adolescents and young adults with diabetes is an overlooked topic that presents another opportunity for future behavioral medicine research and practice. Emerging adulthood, characterized as the developmental stage from adolescence to young adulthood, is one of competing educational, social and financial demands (Arnett, 2000; Peters & Laffel, 2011) . In emerging adults with diabetes, issues related to diabetes self-management, psychosocial adaptation and the transition to adult-oriented medical care further compounds this period (Peters & Laffel, 2011) . Emerging adults with diabetes are at risk for adverse health outcomes, including poor glycemic control, acute and chronic disease complications and lower healthrelated quality of life (Hanna, 2012) . Research is needed pertaining to the patient, family and provider perspectives of the transition to adult-oriented medical care, especially among those underserved emerging adults from a low socioeconomic status and ethnic minority perspective, many of whom do not transition to higher education. Such investigation has the potential to design interventions that will strengthen transition preparation and advance health behavior change in emerging adults with diabetes.
Young and midlife adults appear to have poorer responses to diabetes interventions relative to older adults (AHRQ, 2015; Stark Casagrande et al., 2013) . Recent data found that younger adults diagnosed with type 2 diabetes exhibited greater diabetes distress, less healthful diet and activity levels, lower diabetes self-efficacy and poorer metabolic control relative to older adults (Hessler et al., 2011) . Midlife adults with diabetes also have increased health risks of cognitive decline and obesity-related complications (Everson-Rose & Ryan, 2015) . Studies are needed to assess the influence of biobehavioral mechanisms as well as psychosocial factors such as family and employment and adjustment to life with chronic disease and health care demands. Examination of the impact of emerging medical care approaches in primary care settings, patient centered medical home and multidisciplinary teams as well as peer support in community settings offers opportunities for understanding optimal approaches to improving treatment delivery, and outcomes in young adults, before longterm impairments such as cognitive decline or diminished functional status emerge. Behavioral medicine researchers and clinicians have expertise in developmental and psychosocial assessment and may aid in the development of screening approaches and process and outcome measures that are appropriate across the lifespan. Opportunities for behavioral medicine also include the consideration of social and cultural factors in the context of development and dissemination of behavioral interventions for families, in-transition adolescents and young adults and midlife adults who are adjusting to the demands of diabetes. The transition of diabetes care to primary care settings, the expanding role of multidisciplinary teams and increased reach of community and peer-based interventions raises the need for evaluation of the translation of such approaches beyond specialty care clinics.
Use of eHealth, technology and big data in diabetes prevention and management Prevention and management of diabetes is often a complex and challenging task for patients, families and providers. However, the near omnipresence of technology, including mobile devices, computers and tablets presents an opportunity to harness such devices to improve intervention delivery and diabetes-related health outcomes.
Technology-mediated behavioral interventions have shown promise in facilitating diabetes prevention and management in behavioral medicine (Bacigalupo et al., 2013; Connelly et al., 2013; Jackson et al., 2006) . Technology-assisted and eHealth interventions can capitalize on available technologies that are readily accessible to individuals (e.g., wearables such as Fitbits, internet-based programs, apps) and providers (e.g., electronic medical records, patient portals) to promote diabetes self-care. The use of such technologies must be considered along with advancements in medical devices, such as continuous glucose monitoring and use of artificial beta cell or closedloop insulin-delivery systems (Thabit et al., 2015) . Future research is needed to understand how patients with diabetes, including family members and providers, use technology to assist in diabetes prevention and management goals. There is also a need for industry-academia partnerships to create empirically-supported and scalable apps containing proven behavioral strategies that are appropriate for the target user.
With the advent of 'big data' and precision medicine, behavioral medicine researchers are poised to understand how to harness big data to define how phenotypes of patients with diabetes (Li et al., 2015) vary in terms of treatment and management techniques and customize treatment options. For instance, phenotypes of diabetes could be assessed to determine which benefits most from various self-care techniques related to improved metabolic control, such as coping skills training, motivational interviewing, or goal setting. Other opportunities for big data in behavioral medicine include leveraging existing electronic health record data to predict medication adherence and identify the most useful self-management interventions for individuals or groups, or technology-assisted big data interventions such as an insulin pen that wirelessly connects to a mobile phone or glucometer to evaluate injection trends and set reminders for SMBG (Pennic, 2013) .
Along with advancements in technology, eHealth, and big data, behavioral medicine must investigate the psychological and behavioral implications of these innovations on those who use them. For instance, the misuse or abuse of technology may result in patients deterring from future use of health-related technology, or other unintended consequences (e.g., a patient uses wireless technology for self-monitoring purposes but fails to visit a healthcare provider to clinically evaluate blood glucose trends). Correspondingly, there are segments of the population that do not rely on or utilize technology for diabetes care or prevention, thus traditional education and behavioral interventions must remain a core aspect of care. Nevertheless, the availability of technology-assisted research and interventions in behavioral medicine has the potential to advance the field by improving the reach, feasibility and ultimately outcomes of diabetes management and prevention. Importantly, behavioral medicine scientists and practitioners play an important and unique role in the human-technology interaction to navigate the mechanisms of human behavior that optimize the use of technology in diabetes care (Gonder-Frederick et al., 2002) .
Translating therapeutic advances into community care for people with diabetes
The efficacy of diabetes management programs focused on improving diabetes self-care delivered in the medical setting by a multidisciplinary team of providers have the potential to improve glucose control, mental health and costs for individuals with diabetes. However, these complex interventions are expensive and time consuming (Pimouguet et al., 2011; Sherifali et al., 2015; Stock et al., 2010; Sugiyama et al., 2015) . Often those most in need of these services do not have access to or engage in such programs. Additionally, individual and communities differ in terms of their educational and behavioral health needs (American Association of Diabetes Educators, 2007) . Tools that allow providers to tailor the content of diabetes management programs to individuals or communities are needed in order to improve access and efficacy in underserved populations. Research is needed to identify the optimal points of care for evidence-based diabetes management programs, particularly among diverse age groups, as well as hard-to-reach and medically underserved populations. Translational studies evaluating interactions between peer support, provider-patient communication and decision-making, and established and traditional health care settings are also needed. Translation of structured chronic disease management programs for use with individuals with diabetes to community settings and online formats has been successful (Lorig et al., 2010) . Less is known, however, about optimal points of care for these interventions, particularly with hard-to-reach, medically underserved populations.
Age has largely been overlooked as a factor in studies of self-care in adults with type 2 diabetes. Age is often statistically controlled in clinical trials and the specific associations of age with various aspects of the diabetes management are not well studied (Hessler et al., 2011) . As noted, younger adults with type 2 diabetes may have greater diabetes distress, and poorer self-care and diabetes self-efficacy relative to older adults with diabetes (Hessler et al., 2011) and have poorer metabolic control (Hessler et al., 2011) and risks of development of cognitive decline and obesity (Everson-Rose & Ryan, 2015) . Additional research to further examine the biobehavioral mechanisms influencing these findings and to compare optimal time points, modalities and behavioral strategies of intervention for adults across the life span is needed. Studies examining interactions between age and gender may demonstrate the need for gender tailoring in addition to age tailoring for these interventions.
Provider-patient-interactions that use patient-centered communication and shared decision-making approaches are now recommended by the American Diabetes Association. Motivational interviewing, which uses a patientcentered approach to address intrinsic motivation and behavior change goals, has been incorporated in numerous diabetes intervention trials. However, a recent systematic review highlighted the inconsistent findings for the benefits of motivational interviewing, noting, heterogeneous study designs and measures and limitations in interventionist training. The most notable findings, across 14 studies, were motivational interviewing interventions showing positive outcomes for dietary behavior in adults with type 2 diabetes, with the most favorable clinical change outcomes for weight management (Ekong & Kavookjian, 2015) . Ongoing research with this promising intervention approach would benefit from identification of the most effective components and feasibility of training dissemination to primary care and community settings and with diverse diabetes educators in order to promote more widespread reach.
Translating lifestyle interventions for diabetes prevention into low cost, large-scale programs
While there are numerous randomized controlled trials demonstrating that type 2 diabetes can be prevented with lifestyle interventions, many people with prediabetes are not benefiting from this knowledge. The scale of the prediabetes problem is massive (Boyle et al., 2010) . Demonstrating that we can prevent diabetes in a cohort of 100 people or even 1000 people is not enough. The next step in this challenge is to develop very large-scale and low-cost programs for the hundreds of millions of individuals worldwide who could benefit from participation in a Diabetes Prevention Program (Ackerman, 2013; Ackermann et al., 2014) . But first, research is needed to appropriately address the difficulties of translation and reach by addressing its three central components: identification, recruitment and retention (Institute of Translational Health Sciences, 2010). All three of these components rely heavily on strategies for behavioral activation.
Identification
Superficially, identifying those with prediabetes is a technical problem that can be solved by ordering a bloodscreening test. However, there are opportunities for behavioral interventions to change physician behavior with respect to ordering tests and responding to abnormal results. Behavioral medicine scientists must address the following questions to achieve this goal: How do physicians identify individuals who might be at high risk for diabetes? Are there high-risk individuals who are systematically missed when physicians must initiate screening? Are there interventions that can teach patients to accurately self-assess risk and request screening? Is the burden of prediabetes so high that it is more cost effective in some populations to offer diabetes prevention interventions universally rather than using resources to screen large populations for high-risk individuals with prediabetes?
Recruitment
Very large-scale passive recruitment with voluntary participation results in an enrollment rate in the range of 5-10 % of individuals invited to participate in a prediabetes prevention program. In order to achieve the broadest population-based results, behavioral medicine needs to determine how to increase enrollment rates of eligible individuals to the 50-80 % range. Opportunity also exists in public health messaging to identify the most effective ways to frame the diagnosis of prediabetes so that patients understand both the risks of the condition as well as the opportunity for diabetes prevention through lifestyle change (Gallagher & Updegraff, 2012) . A focus on behavioral economics strategies, such as incentives or rewards, which have been successfully implemented in trials addressing other health-risk behaviors (Pit et al., 2014; Tappin et al., 2015) , may also increase enrollment in Diabetes Prevention Programs. Social support, identified through social networks, has shown success in leveraging to increase enrollment rates (Tanjasiri et al., 2015) and merits study in diabetes prevention trials.
Enrollment into Adaptations of Prevention Programs:
The Diabetes Prevention Program (DPP) demonstrated that diet and physical activity substantially impacted delay and prevention of diabetes onset in adults with prediabetes. Less costly group and online adaptations of the DPP appear to be effective. Translation of the DPP to population-level impact on incident diabetes has been slow, but gaining momentum. Community-based interventions and peer support can assist self-care efforts.
Retention
Once individuals are enrolled in the DPP, researchers need to identify the best behavioral practices to keep participants engaged throughout the course of the diabetes prevention curriculum to maximize outcomes, such as physical function and weight loss. Comparative effectiveness research is warranted to assess whether changes to the motivational, dietary or physical activity components of the program will improve outcomes for participants.
Addressing these concerns pertaining to translation and reach will enable a systems approach to managing or preventing diabetes. For both diabetes prevention and treatment, funders and researchers have begun to expand the view of potential research question beyond the traditional doctor-patient dyad (Marrero et al., 2013) . A systems view of behavioral research incorporates entities that interact with medical care including environmental factors, community, employers, social services, mass media, industry and the educational system. For example, urban planners and local employers make decisions that impact walkability of a community. There is a particular interest in interventions that impact organizational behavior rather than individual behavior. These complex system-level interactions may be some of the most potent levers we have to impact outcomes related to diabetes prevention and management. Mixed methods research, combining qualitative and quantitative methods, can deliver generalizable knowledge about how such complex and dynamic systems interact (Creswell & Clark, 2011) . Frameworks such as the Consolidated Framework for Implementation Research (CFIR) provide a compendium of constructs for such investigations (Damschroder & Lowery, 2013) .
Peer support programs to promote diabetes care also offer tremendous potential for improving the reach of behavior change and care support resources for individuals with diabetes. Program development, organization and delivery approaches may vary and while the past decade has demonstrated feasibility, reach and sustainability of peer support in a variety of settings, additional work is needed to assess which types of structures, programs and intervention approaches are optimal in different contexts and with dissimilar populations. Optimal strategies for combining community and peer support programs with other clinical care and outreach are also as yet, unclear (Fisher et al., 2015b; Wientjens, 2008) . Future intervention studies using lay and peer delivery approaches are needed in populations, communities and settings in which care may be lacking in order to best assess how to optimize care for individuals who might otherwise fall between the cracks. Intervention studies that include infrastructures to include ongoing management in low-income communities and countries, globally diverse and varied cultural settings are needed. Studies evaluating interactions between peer support and established and traditional health care settings are also needed. In order to understand best approaches to achieving treatment fidelity and reach, studies of and public policy support for efficacious strategies for workforce training and sustaining programs in under-resourced organizations and the utility of technology and eHealth in peer support programs is recommended (Fisher et al., 2015b) .
Addressing psychosocial comorbidities and diabetes complications
The majority of research on psychosocial comorbidities and diabetes is on the associations between diabetes and depression. Comorbid diabetes and depression have reciprocal effects and present substantial challenges for diabetes care (Holt et al., 2014) . Advances in behavioral and biological research have led to a burgeoning body of literature in the past decade and addressed some of the shared mechanisms of action of diabetes and depression. This has resulted in recommendations for assessment approaches and both behavioral and pharmacological intervention trials to evaluate optimal treatment delivery approaches. Additionally, a number of overviews of diabetes psychosocial intervention approaches and systematic reviews and meta analyses of depression interventions in diabetes have been published in the last decade. Highlights of these findings are described below.
An NIDDK international conference report on diabetes and depression (Holt et al., 2014) summarized shared mechanisms including behavioral changes of sleep disturbances, physical inactivity and poor diet, autonomic dysfunction, inflammation and hypothalamic pituitary adrenal axis activation and environmental and cultural risk factors. This report noted that methodological inconsistencies in the assessment and definitions of depression have contributed to inconsistencies in estimates of the prevalence and incidence of diabetes and depression. Previously researchers have noted the importance of differentiating between diabetes-related distress, such as feeling overwhelmed by the burden of unrelenting self-care demands and clinical depression (Hermanns et al., 2007) . While screening for diabetes distress and depression is recommended in clinical settings, both clinical and research assessments should be specific in their examination of depressive symptomology across the spectrum of depressive disorders (for example differentiating diabetes-related emotional distress from depressive symptomology that is associated with dysthymia, major depressive disorder, bipolar disorder and anxiety and psychotic disorders). Use of validated measures, such as standardized psychiatric interviews is needed in order to standardize reports. Data on prevalence and course in specific age groups, ethnicities and across varied durations of diabetes and presence of comorbidities is needed. Interventions aimed at addressing major depressive disorder and depressive symptomology in adults with diabetes have yielded largely positive outcomes data. A systematic review and meta analysis of 14 randomized controlled trials reported a moderate combined effect of all interventions in clinical impact on depressive symptoms, a moderate effect for pharmacologic intervention and large effect for combined diabetes self-management and psychotherapy interventions (van der FeltzCornelis et al., 2010). However, interventions have yielded mixed results in improving glycemic control (van der Feltz-Cornelis et al., 2010), and few controlled interventions have targeted individuals with elevated or specific levels of glycemic control. Other systematic review indicates that cognitive behavior therapy and collaborative care targeting depression in diabetes has beneficial impact on depression management, however also notes mixed evidence for impact on glucose control and highlights a negative impact on glucose monitoring behavior in a wellcontrolled study (Markowitz et al., 2011) . Likewise, interventions focused on improving self-care and adherence have yielded mixed results (Katon et al., 2004; Lustman et al., 1998) and studies addressing depression and self-care in tandem are limited (Markowitz et al., 2011) . Data on diabetes-depression comorbidity in children and adolescents and in gestational diabetes is limited. More evaluation of clinical interventions addressing optimal delivery approaches that promote effective problem solving, coping, self-care decision making and highlighting potential mechanisms of action such as health-related cognitions, self-efficacy and studies expanding interventions to encompass novel, recent approaches such as mindfulness or acceptance and commitment therapy are recommended (see Markowitz et al., 2011) .
Continued research on the mechanisms of action that link biological and behavioral aspects of diabetes and depression may further enhance the development of additional treatment approaches. The NIDDK report on depression and diabetes recommends continued studies to address research gaps. Recommendations include research designs that include moving from cross-sectional to longitudinal studies with a goal of prospective, life-course studies, with consideration of phenotypic characterization of the intrauterine environment and external environments as well as assessment of biological/behavioral pathways that might be influenced by these environments. Treatment research recommendations include broadening participant trial inclusion criteria to allow for examination of interactions of behavioral and pharmacologic depression treatment approaches in the prevention of diabetes and in diabetes treatment approaches in the prevention of depression (Holt et al., 2014) . Further, evaluation of longterm follow-up data for psychological and pharmacological intervention trials are also needed in order to understand the sustainability of these intervention approaches (Baumeister et al., 2014) . The reciprocal impact of social factors is also an area with intervention potential-a strength of the field of behavioral medicine.
Rates of anxiety disorders appear to be elevated in diabetes, with studies examining both anxiety and depression symptomology in tandem (Collins et al., 2009 ) and independent of the diabetes-depression association. A large case-control study of adults with and without type 2 diabetes found higher rates of generalized anxiety disorder (GAD), panic disorder and obsessive compulsive disorder in those with diabetes relative to those without diabetes (Santos et al., 2014) . Higher rates of GAD and panic disorder have also been noted in a study of type 1 diabetes, with elevations in social phobia also reported (Maia et al., 2014) . Anxiety-diabetes associations are less pronounced relative to the diabetes-depression linkages and there have been far fewer studies. The majority of research has been cross-sectional in nature. A recent longitudinal study of a large, community sample of adults with type 2 diabetes that examined cross lagged-associations between generalized anxiety symptoms and functioning found reciprocal associations between anxiety and function, independent of depression. More longitudinal research, across both type 1 and type 2 diabetes populations and diverse populations and settings is needed. Similar to research on diabetes and depression, specificity in assessment with validated measures is needed and human and animal models of mechanisms of association would help to further research on anxiety and diabetes comorbidity.
Several decades of research have indicated that individuals living with type 1 diabetes, particularly females, have substantially higher rates of disordered eating behaviors when compared to their nondiabetic peers. Studies addressing prevention and treatment of specific aspects of disordered eating such as dieting behaviors, fasting, bingeing and compensatory and purging behaviors that impact diabetes management and health outcomes are needed. Research aimed at understanding longitudinal predictors of and protective factors for disordered eating behaviors and eating disorders in young women with type 1 diabetes is needed (Colton et al., 2015) . Studies of health behavior and psychosocial aspects of functioning in type 1 diabetes have largely focused on children and adolescents and their families. Adults living with type 1 diabetes and the long-term impact of life with this chronic disease should be considered in future research.
Psychosocial interventions, including diabetes selfmanagement education appears to improve glycemic control in adults with type 2 diabetes, with a recent systematic review showing the greatest benefit among those with extensive contact of greater than 10 h, with combined individual and group contact and in those with persistently elevated A1c (Chrvala et al., 2015) . Cognitive-behavioral interventions may help improve adherence to diabetes regimen recommendations. Problem-focused skill training has been found to promote self-care (Fitzpatrick et al., 2013) and has been successfully integrated into behavior and emotion-focused interventions, including the DPP (Diabetes Prevention Program (DPP) Research Group, 2002) .
The past decade of investigation of behavioral medicine among youth with type 1 diabetes has produced much knowledge pertaining to important self-management techniques to improve metabolic control. Behavior modification techniques, including goal setting, coping skills training, motivational interviewing, multisystemic therapy and self-efficacy have demonstrated improvements in metabolic control, as well as other important patient-centered outcomes, including quality of life, peer relationships, blood glucose awareness, and stress and depression reduction, among others (Cox et al., 2006; Ellis et al., 2008; Grey et al., 2013; Hood et al., 2010; Plack et al., 2010; Snoek et al., 2008 ). Yet, in these domains, more work is needed to examine the efficacy of diverse methods of intervention delivery and implementation. To improve the rapid translation of knowledge into practice, there is also a need for future self-management interventions to employ diverse research methods, such as pragmatic clinical trials, comparative-effectiveness research and mixed methods research. Future evaluations of interventions aimed at promoting behavior change and adherence to selfcare recommendations would benefit from specificity in the behaviors targeted for change and assessment of treatment fidelity (Ekong & Kavookjian, 2015; Miller & Rollnick, 2014) . Their applicability to underserved, low literacy and global populations is in need of evaluation.
Aspects of self-care involving self-regulation and decision making would benefit from enhancement of existing theoretical models to better understand problem solving and decision making regarding individual domains of selfcare. SMBG, a key component of diabetes self-management and education guidelines, is intended for use in observing blood glucose levels for the purpose of making decisions related to need for change relative to personal goals and problem solving related to adjustment of medications, diet or activity. The extent to which many individuals engage in these decision making steps, as inferred by providers, as opposed to engaging in this self-testing behavior simply to follow structured recommendations in the absence of health-related focus and problem solving is as yet unclear (Ward et al. 2015) . Debate remains regarding the effectiveness of use of SMBG in individuals with type 2 diabetes who do not use insulin (Kolb et al., 2010) .
The data on the development of neurocognitive changes and diminished executive function in prediabetes and midlife (Luchsinger et al., 2015; Vincent & Hall, 2015) point to a need for cognitive screenings early in the diabetes care plan and ongoing monitoring of executive function in those at risk. Consideration of working memory and executive function when developing self-care plans such as detailed dietary and insulin regimens and SMBG goals is warranted. While it is established that persons with diabetes have greater rates of decrements in executive and cognitive function relative to those without diabetes, there remains much to be learned about the developmental trajectory from childhood through old age in the context of continuum of glucose regulation and diabetes control. Socioeconomic influences, access to medical care and race appear to influence cognitive function in prediabetes and diabetes; however the biobehavioral mechanisms of action are unclear. Interactions between stress, diabetes distress, depression and neurocognitive function are potentially fruitful areas of study. Interdisciplinary teams of behavioral medicine scientists have much to offer towards the study of complex biobehavioral interactions between psychosocial and cognitive function, the reciprocal influences of obesity and impact of the environment and poverty on the development and progression of diabetes and related complications.
Social determinants of health and health disparities in special populations
Factors related to enhanced quality of life, such as psychological, emotional, familial or psychosocial concepts, must be implemented into potential interventions, such as self-management educational intervention, to ensure the effectiveness of obesity prevention and management programs. Focus on psychosocial issues such as the transition to adult-oriented medical care among emerging adults and the impact of day-to-day environmental influences that are pertinent to them such as neighborhood and work influences and demands on diabetes self-care and control is also needed. Development of well-conceived, validated mea-sures and frameworks that consider contextual influences such as social and environmental supports and resources and more widespread use of social ecological frameworks (Fisher, 2008) and instruments that are already available (Glasgow et al., 2005 ) is needed to promote greater understanding of social determinants that influence diabetes self-care behaviors and biological outcomes (e.g. King et al., 2010) .
Disparities in morbidity and mortality in minority and low-income individuals with diabetes continues to be a major challenge for behavioral medicine. Research designs that have adequate minority representation for consideration of the role of socioeconomic status and social factors and the intersection of sociocultural and biological mechanisms of action are needed across settings. Mixed methods approaches drawing from both qualitative and quantitative methodologies may identify previously undocumented influential social determinants. Behavioral medicine researchers offer expertise in validation of measures in diverse populations and consideration of statistical approaches that permit evaluation of longitudinal data and examine moderators and mediators of change. Intervention studies that promote the inclusion of individuals with health complications and utilize real-world clinic and community settings may foster greater inclusion of lowincome and minority participants and help to move the field forward from the limitations of highly controlled, randomized trials. In the US, youth and young adults with obesity, prediabetes and diabetes are more likely to be African American and at-risk for poorly controlled diabetes and related consequences, making engaging physical activity and self-care and outreach programs for minority youth and young adults a high-need area. Social networks and social media, technology and community and peer approaches have shown potential for positive gains, however, more studies are needed. Data demonstrating the most efficacious approaches to prevention and engagement in diabetes care in diverse countries and cultures is also needed (Ding & Gebel, 2012) .
Conclusion
The field of behavioral medicine in diabetes prevention and management is growing exponentially. With the advent of new technologies, modes of intervention delivery and policy considerations, among others, behavioral medicine is poised to improve diabetes outcomes for future generations. In this position paper we have discussed several of the evolving areas of diabetes prevention and management, including new populations, subgroups, theoretical approaches that have been helpful in promoting effective change and issues to be tackled. Our recommendations are not meant to include an exhaustive list of future directions for the field; rather, they provide a roadmap of potential opportunities for behavioral medicine scientists and practitioners based on current areas of interest and need identified among behavioral medicine professionals whose research and clinical practice focus on those with or at risk of diabetes. For instance, we have identified that there is an urgent need for innovative ways to improve diabetes management and prevention for global and diverse populations. Greater understanding of the biological, sociocultural and individual influences on its rapid escalation and of optimal interventions across the lifespan is needed. There is insufficient information on the costs relative to benefits of technology in diabetes care. Given the dearth of youth and adults meeting public health recommendations for healthy eating, physical activity and sedentary behavior (Cooper et al., 2014; Minges et al., 2015a) , future behavioral medicine efforts could target modifying the ''obesogenic'' environment (Wall et al., 2012) . Integrative approaches to understanding strategies to promote weight loss and physical activity and their maintenance are urgently needed for young adults and children with or at risk of diabetes. Behavioral medicine scientists and practitioners are uniquely positioned at the intersection of integrating complex concepts such as these with human behavior to advance the field and improve the health of those with or at risk of diabetes. This includes drawing on expertise in the development and psychometric evaluation of measurement instruments to screen those at-risk and assess process and outcome variables in patient-centered health care settings and community venues and tailored interventions that address social and environmental challenges that contribute to ethnic and racial health disparities and address the psychosocial and behavioral demands of diabetes.
As noted throughout this paper, interventions addressing behavior change in diabetes have reflected a number of behavior change concepts and theories that are effective in improving diabetes outcomes. The increasing transition of diabetes care from specialty clinics to primary care and patient centered medical home settings has resulted in increased dispersion of the chronic care model. Self-regulation theory and social cognitive theory and related motivational approaches have been widely integrated into interventions that include goal-setting and development of personalized strategies for overcoming barriers to optimal self-care and address self-efficacy. Evaluation of active ingredients of change and consideration of novel conceptual approaches would move the field forward. Theoretically informed, interdisciplinary studies that consider social ecological models of diabetes care are needed to develop a roadmap for diabetes policies and care recommendations. Frameworks such as the Consolidated Framework for Implementation Research (CFIR) may further inform research agendas. From a practical, interventionist standpoint, structured materials supported in cognitive-behavioral trials may be used to provide standardized content for program evaluation and for assessing treatment fidelity. Manualized content for the lifestyle change interventions used in the DPP is available. Structured self-management interventions that address chronic disease, such as the US National Diabetes Education Program (http://www.niddk.nih.gov/ health-information/health-communication-programs/ndep/ am-i-at-risk/Pages/index.aspx) have been successful in promoting behavior change as well as improved metabolic control. Adopting an approach that builds on the past success of behavioral medicine research and interventions is pivotal to ensuring that the field progresses forward. Importantly, behavioral medicine scientists and practitioners should integrate advances in technology, big data and translational research, among others, to prevent diabetes and improve the lives of patients with or at risk of diabetes. Consideration of social determinants of diabetes risk and progression and adaptation of successful strategies and development of new approaches to fit the needs of minority and cultural groups at elevated risk for diabetes, poor control and diabetes complications and comorbidities remains a priority. Behavioral medicine scientist's and practitioner's skills in multidisciplinary team care, theoretical foundations, research methodology, developmental perspectives and biopsychosocial approaches leave them poised to address these and other proposed future research directions to advance diabetes prevention and management.
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